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ABSTRACT 

The Miles Lake sonar project began in 1978 to assess annual salmon escapement into the 
Copper River. Studies conducted during 1988 through 1991 used side scanning sonar 
equipment deployed on the north and south banks of the Copper River. Counting sites 
were located near the outlet of Miles Lake approximately 53 km upstream from the 
commercial fishing district. Escapement estimates for sockeye salmon (Oncorhynchus nerka) 
were 488,398 in 1988,607,797 in 1989,581,859 in 1990 and 579,435 in 1991. Use of riverine 
sonar units which were capable of dividing the sonar beam into 16 monitoring sectors, each 
with adjustable hit criteria for targets, improved the accuracy of escapement estimates and 
allowed observations of salmon distribution across the counting transect to be obtained. 

KEY WORDS: Copper River, hydroacoustics, migration, Miles Lake, Oncorhynchus 
nerka, Pacific salmon, riverine sonar, sockeye salmon, side scanning 
sonar, spawning escapement enumeration 
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INTRODUCTION 

The Copper River drainage (Figure 1) has supported a commercial fishery since the early 
1890's and a subsistence life style for the residents of this drainage for many years before 
that. Five species of pacific salmon spawn in the Copper River. The most abundant species 
is sockeye salmon which makes up 92 percent of the total run. Coho salmon (0. h t c h )  
comprise approximately five percent and chinook salmon (0. tshawytscha) make up about 
three percent of the total run. Populations of pink (0. gorbuscha) and chum (0. keta) 
salmon are not abundant. 

There are three major sockeye salmon spawning components in the Copper River system. 
The most abundant component, referred to as upper Copper River stocks, spawn in Copper 
River tributaries above Miles Lake. The second component, derived from upper Copper 
River stocks, is an artificially propagated Gulkana River hatchery stock. The hatchery, 
which has operated since the early 1970's, produces approximately 225,000 returning adult 
sockeye salmon. The third component, referred to as lower delta stocks, spawn in systems 
below the Chugach Mountains, between Eyak Lake and Katalla River. 

Management of Copper River salmon resources are difficult due to several factors. The 
Copper River is a cold turbid system draining extensive glaciers originating in the Alaska, 
Chugach, Wrangell, and St. Elias mountain ranges. Enumerating the escapement within this 
drainage has been difficult since the main stem Copper River is too turbid to allow visual 
counting of salmon. While it is possible to survey clear tributary streams, sockeye and 
chinook salmon reach these months after they have passed through the commercial fishery. 
Such surveys have little value for inseason management decisions and make it impossible 
to ensure that minimum escapement levels are achieved. However, post season escapement 
estimates do provide data to forecast subsequent runs and to establish escapement goals. 

Inseason escapement estimates first became possible in 1978, with the deployment of a 
single side scanning sonar salmon counter on the south bank of the Copper River at the 
outlet of Miles Lake (Mile 49 of the Copper River Highway) approximately 53 krn upstream 
from the commercial fishing zone. In 1979 an additional side scanning unit was installed 
on the north bank of the river. Information from this project has been used for real time 
management of both the commercial and personal use fisheries. The Copper River 
management plan SAAC 29.360 specifies minimum escapement goals which are based on 
data obtained from this sonar project (ADF&G 1991). Emergency order regulation of the 
multi-million dollar commercial fishery as well as subsistence, personal use, and sport 
fisheries is based on escapement information 
collected at the Miles Lake sonar site. 



METHODS 

To estimate total escapement, the sonar system must be placed in an area of the river where 
salmon do not mill and all salmon traveling upriver have a high probability of passing 
through the sounding beam. An area of the river with a single channel, uniform slope, 
smooth bottom and adequate current velocity is most desirable. The most suitable location, 
closest to the river mouth, was found just downstream of Miles Lake. This site is 53 lun 
above the upper commercial district boundary. This section of the river is influenced by two 
glaciers: Childs Glacier, which is below Miles Lake, and Miles Glacier, which is on the 
eastern shore of Miles Lake (Figure 2). Although the Copper River Highway provides 
access to the site, deep snow drifts render the highway impassable well into June most years. 
Since sonar gear is deployed in the river at the earliest date that breakup conditions allow, 
other means of transportation to the site prior to the road opening have included track 
vehicles, snow machines, fixed wing aircraft, chartered helicopters, and the Coast Guard 
helicopter. 

Sonar Opemfions 

The basic adult salmon counter system consists of four main elements: an electronic 
counting unit, a transducer, an artificial bottom substrate, and an oscilloscope for calibration. 
The system is powered by a 12 volt battery continuously recharged by a solar panel. 

Electronic counting units used on this project varied within and between years. Two 16 
sector, 1985 Bendix units with adjustable hit criteria by sector are currently used. Two 12 
sector 1981, Bendix units with rock inhibiting functions are available to replace 16 sector 
units which malfunction or are damaged. 

Transducers operate at 515 KHz and have alternating beam widths of 2 and 4 degrees. 
Each transducer is mounted on an underwater stand near the river bank and aimed 
horizontally across the river so that the beam is perpendicular to the current and slightly off 
the bottom. This allows monitoring of that portion of river most frequently used by 
migrating sockeye salmon (Brady, 1986). Each transducer is aimed over either an artificial 
bottom substrate with a smooth straight surface or the natural river bottom where the slope 
is smooth and uniform. A permanent artificial substrate has been constructed at the south 
bank site by embedding a steel rail in concrete to form a uniform surface along the river 
bottom. The rail also serves as a guide along which the transducer stand is moved in 
response to water level fluctuations. 

A minimum water level of 40.1 meters (above sea level) is needed for use of the permanent 



substrate. When water levels are lower, a portable substrate is used. This consist of an 18 
meter length of 20.3 cm diameter aluminum tube which is held in place against the current 
by cables. Trapsducer deployment over natural bottom was first tried in 1985 (Brady, 1986). 

Transducer aiming is executed differently over artificial substrates and natural bottoms. 
Aiming along the artificial substrate requires a target at the end of the tube. The target 
used is an aluminum rectangle 30 cm high and 20 cm wide. When the target appears on the 
oscilloscope, the counting range of the sonar unit is reduced so that it ends just before the 
target. Aiming is accomplished by adjusting three knobs on the back of the transducer 
housing while underwater. To count salmon over a natural bottom, the transducer is 
attached to a tripod. Aiming is controlled by a wheel at the top of the stand which moves 
the transducer up and down. To direct the beam up- or downriver, the entire tripod is 
shifted in the desired direction. 

Each year, frequent adjustments of substrates and transducers have been required on both 
river banks because of large fluctuations in river level, wave action caused by strong winds, 
and periods of heavy ice passage. During 1988 through 1990, electronic counting units were 
calibrated four times each day by visually monitoring targets on the oscilloscope. In 1991, 
the south bank unit was calibrated every two hours for 30 minutes or until 100 fish were 
counted, which ever occurred first. The north bank sonar was calibrated every four hours 
for 30 minutes or until 100 fish were counted (Morstad 1991). 

Species Apportionment 

Due to similar run timing of chinook and sockeye salmon during May and early June, and 
since 95 percent of salmon migrating up the Copper River are sockeye, no species 
apportionment information is collected at the site. Test fishing programs were attempted 
from 1985 through 1987, but limited locations and small catches demonstrated that test 
fishing was not practical at Miles Lake (Morstad, 1992). 

Helicopter Charter 

A U.S. Coast Guard rescue helicopter with a load capacity of 4,000 pounds was used to haul 
equipment, supplies and personnel into the Miles Lake camp in 1988, 1989 and 1990. In 
1991, the project spent $5,000 to have the Alaska Department of Transportation clear snow 
and open the highway to vehicle traffic on 15 May. 



RESULTS and DISCUSSION 

Escapement Enurnemtion 

In 1988, the sonar project was operated from 19 May to 2 August. Estimated escapement 
during that time period was 488,398 salmon about six percent above the escapement goal 
of 458,200 (Table 1). Actual daily counts were similar to anticipated counts during most of 
season (Figure 3). Water level of the Copper River was below normal, yet escapement was 
slightly above the anticipated (Table 2). 

In 1989, the sonar project operated from 17 May to 2 August. Estimated escapement during 
that time period was 607,797 salmon, 25 percent above the escapement goal (Table 3). 
Actual daily counts for 1989 were above the anticipated counts throughout the season 
(Figure 4). Slight decreases in daily escapement occurred which were probably caused by 
the commercial fishery harvest. The Copper River water level was above normal all season. 
This may have been a contributing factor to the high escapement levels observed (Table 2). 

In 1990, the sonar project operated from 21 May to 2 August. Estimated escapement during 
that time period was 581, 859 salmon, 16 percent above the escapement goal (Table 4). 
Actual daily counts for 1990 were similar to 1988 and 1989, with actual counts above the 
anticipated counts throughout most of the season (Figure 5). Slight drops in daily counts 
again reflected commercial fishing removals which occurred at the mouth of the Copper 
River. The water level was above normal for 1990, allowing salmon to enter the Copper 
River earlier than in past years (Table 2). 

In 1991, the sonar project operated from 21 May to 2 August. Estimated escapement during 
that time period was 579,435 salmon, 12 percent above the escapement goal (Table 5). 
Actual daily counts were below anticipated counts until 1 June when daily counts surged 
from 9,000 to over 16,000 salmon (Figure 6). However, actual cumulative escapement 
remained below the anticipated level until 20 June. After that date, actual escapement 
surpassed and remained above anticipated levels for the remainder of the season. Water 
level was below average until 13 June (Table 2). 

Sector Distribution 

As observed in previous years, salmon passage during 1988 through 1991 was concentrated 
near shore in the first three sectors of the sonar beam (Figures 7-10), (Morstad, 1991 and 
Brady, 1986). 
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Table 1. Daily sockeye salmon escapement estimates, Miles Lake sonar, 1988. 

Estimate Escapement 
Objective 

Water North South 
Date Level a Bank Bank Daily Cumulative Daily Cumulative 

21 -May 39.60 
22- May 39.61 
23-Mav 39.64 

2 7 - ~ a i  39.82 13,247 13,247 53,169 5,921 24,938 
28-May 39.87 345 13,856 14,201 67,370 9,295 34,234 
29- May 40.00 51 3 9,509 10,022 77,392 5,923 40,156 
30-Mav 40.12 38 1 6.425 6.806 84.198 8.399 48.555 



Table I .  (page 2 of 2). 

Estimate Escapement 
0 bjective 

Water North South 
Date Level a Bank Bank Daily Cumulative Daily Cumulative 

Total 20,295 468,103 488,398 

a Meters above mean sea level. 

b Permanent substrate was used from 3 June to end of project. 



Table 2. Water levels at Miles Lake, elevation in meters above sea level, Miles Lake sonar, Copper River, 1982 - 1991. 

Elevation Above Sea Level 
1982-1991 

Date 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 Average 

2 2 - ~ a y  39.31 39.1 9 39.14 39.65 40.14 40.92 39.52 39.70 
23-May 39.45 39.29 39.21 39.60 40.23. 40.81 39.70 39.75 

27-May 39.37 39.71 39.54 39.46 39.75 40.27 40.58 40.41 39.89 
28- May 39.39 39.75 40.28 39.60 39.46 39.78 40.42 40.77 40.51 40.00 
29-May 39.38 39.61 40.34 39.77 39.48 39.82 40.60 41.00 40.55 40.06 

01 - Jun 
02-Jun 40.03 40.64 39.42 39.90 39.96 39.98 40.14 41.87 42.03 40.42 40.44 
03-Jun 40.31 41.00 39.39 39.88 39.97 40.33 40.16 41.70 42.18 40.32 40.52 

12- Jun 40.84 40.56 40.01 40.13 40.38 42.00 41.65 42.47 40.87 40.99 
13-Jun 40.81 40.68 40.1 1 40.22 40.34 42.1 9 41.73 42.44 41.06 41.06 

16- Jun 40.60 41 .07 40.13 41 .05 40.36 42.64 42.13 42.58 41.77 41.37 
17-Jun 41.06 40.75 41.05 40.13 41.58 40.44 42.80 42.02 42.52 42.00 41.43 
18-Jun 40.93 40.88 40.89 40.36 41.83 40.57 42.99 41.94 42.39 42.10 41.49 

22-Jun 41.54 41.85 41.66 40.34 41.54 40.70 42.53 42.22 41.92 43.14 41.74 
23-Jun 41.95 41.76 40.39 41.43 41 .18 42.25 42.34 41.93 43.69 41.88 

27-Jun 42.44 42.75 40.77 40.97 40.98 41.68 43.11 42.31 43.64 42.07 
28-Jun 42.39 42.43 42.58 40.97 41 .I7 41.28 41.55 43.01 42.59 43.57 42.15 



Table 2. (page 2 of 2). 

Elevation Above Sea Level 
1982-1991 

Date 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 Average 



Table 3. Daily sockeye salmon escapement estimates, Miles Lake sonar, 1989. 

Estimate Escapement 
Objective 

Water North South 
Date Level a Bank Bank Daily Cumulative Daily Cumuiative 



Table 3. (page 2 of 2). 

. -. 
Estimate Escapement 

0 bjective 
Water North South 

Date Levela Bank Bank Daily Cumulative Daily Cumulative 

01 -Jul 43.10 250 7,680 7,930 357,345 4,718 341,822 
02-JuI 43.31 158 5,138 5,296 362,641 5,074 346,896 
03-JuI 43.49 149 4,827 4,976 367,617 5,078 351,974 

07-JuI 43.42 304 9,932 10,236 405,985 4,153 370,554 
08-JuI 43.43 385 10,728 11,113 417,098 4,654 375,208 

12-JuI 43.95 367 1 1,586 11,953 457,771 5,374 396,498 
13-JuI 44.07 245 9,084 9,329 467,100 4,884 401,382 

16-JuI 43.51 220 10,677 10,897 500,550 6,053 417,770 
17-JuI 43.20 224 8,679 8,903 509,453 5,448 423,218 
18-JuI 43.14 40 1 11,410 11,811 521,264 6,534 429,752 

22-JuI 43.32 8,908 8,908 559,547 4,706 453,427 
23-JuI 43.14 567,650 3,646 457,073 

26-Jut 42.86 
27-JuI 42.81 5,699 5,699 590,608 2,010 468,607 
28-JuI 42.75 4,926 4,926 595,534 2,168 470,775 

31-JuI 43.13 1,551 1,551 603,754 1,664 476,439 
0 1 - A u ~  43.29 2,299 2,299 606,053 1,645 478,084 
0 2 - A u ~  43.37 1,744 1,744 607,797 1,341 479,425 

Total 33,244 574,553 607,797 

a Meters above mean sea level. 

b Permanent substrate was used from 31 May to the end of project. 



Table 4. Daily sockeye salmon escapement estimates, Miles Lake sonar, 1990. 

Estimate Escapement 
0 bjective 

Water North South Anticip. 
Date Levela Bank Bank Daily Cumulative Daily Cumulative 0700 Daily 



Table 4. (page 2 of 2) 

Estimate Escapement 
0 bjective 

Water North South Anticip. 
Date Levela Bank Bank Daily Cumulative Daily Cumulative 0700 Daily 

Total 46,957 534,902 581,859 
- - - - - - - - 

a Feet above mean sea level. 

b Permanent substrate used from 21 May to project end. 



Table 5. Daily sockeye salmon escapement estimates, Miles Lake sonar, 1991. 

Estimate Escapement 
Water North South 0 bjective Anticipated 

Date Levela Bank Bank Daily Cumulative Daily Cumulative ,0700 Daily 

- r -  - - . - 

20- Jun 42.05 938 13,808 14,146 295,270 5,828 289,002 4,701 l6,l I8 



Table 5. (page 2 of 2). 

Estimate Escapement 
Water North South Objective Anticipated 

Date Level a Bank Bank Daily Cumulative Daily Cumulative 0700 Daily 

Total 16,458 562,977 579,435 

Meters above mean sea level. 

Permanent substrate was used from 11 June to end of project. 

North bank pulled 12:OO noon. All counts after 12:OO noon July 6 are interpelated. North bar 
counts are derived from the average percent of North versus south bank counts of 2.93 perce 

South bank pulled 12:OO noon. Numbers were expanded for a daily total. 
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Figure 1. Commercial and subsistence f i s h i n g  a reas ,  Copper River drainage. 



MILES LAKE 

Figure 2. North and south bank sonar s i t e s ,  Miles Lake a rea ,  Copper River. 
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Figure 5. Anticipated and actual daily and cumulative salmon escapement 
estimates, Miles Lake sonar, 1990. 



1991 MILES LAKE SONAR COUNT 

CUMULATIVE 

DATE 
Figure 6. Anticipated and actual daily and cumulative salmon escapement 

estimates, Miles Lake sonar, 1991. 
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SOUTH BANK 

Figure 7 .  Mean s e c t o r  count percentages f o r  south and nor th  bank counting u n i t s  
through t ime,  Miles Lake sonar  p r o j e c t ,  1988. 
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Figure 8. Mean sector count percentages for south and north bank counting units 
through time, Miles Lake sonar project, 1989. 
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NORTH BANK 

SOUTH BANK 

Figure 9. Mean sector count percentages for south and north bank counting units 
through time, Miles Lake sonar project, 1990. 



NORTH BANK 

SOUTH BANK 

Figure 10.  Mean sector  count percentages fo r  south and north bank counting un i t s  
through time. Note the  1 2  sector  counter operated the  f i r s t  26 days, 
Miles Lake sonar p ro jec t ,  1 9 9 1 .  
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Apperdh 1. Daily ~ h m n  escapement est'inates. Miles Me s m .  Coppar River. 1976-1891. 

Aver* 
Daily 

Date 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1631 Count S.D. C.V. 

30-May 3.241 7.462 1.903 11,- 8.781 8.296 4,951 599 3.173 18,195 6,806 5,375 9,541 9.362 7.109 4.377 61 56 
91-May 0.548 1S55 3A20 2t.TZ3 t 1 . W  17.1ZV 427& 1,758 *.I50 16.54 7 .W 7.?lt% 1 0 , W  1 6 . W  9-t%2 2 W.$i 
Ol-Jul 2.616 4.078 5,257 18.415 1 5 . a  18.42B 8.536 3.482 7.001 16.3% 5.205 7.041 10,028 17.BC8 9.975 5.797 58.11 

M-JUI 491 470 3.614 3 3512 938 2,790 1.489 2.075 2.423 2.519 2,462 4,710 2,204 1.2635731857 
37-~ul 7w m aew ? , t m  I= r,ose t m  I .  ;tipe t m  ~ n w  a m  wur r a w  a o o s a 3 w m  

01 -Aug 756 825 3.398 511 1.912 1.047 1.070 1.172 2 . m  1,438 2.299 3.839 1.749 1.045 5978154 



Apendh2. Cumu!aliw d a l l y s a h  escapement e&tes. Miles M e  scaz Copper Rw.  1978-1991, 
Average 

Daily 
Date 1978 1979 1980 1961 1982 1983 1984 1985 1986 1987 1988 1969 1990 1991 C d  S.D. C.V. 




